The efficacy of antihypertensive treatment was investigated in pregnant women with chronic hypertension (CH) or gestational hypertension (GH) on the basis of the occurrence of pregnancy complications and adverse birth outcomes. Medically recorded pregnancy complications and birth outcomes of 1579 pregnant women with CH and 1098 pregnant women with GH were compared to 34 633 pregnant women without CH, GH, preeclampsia-eclampsia or any secondary hypertension who delivered newborn infants without defects in the population-based data set of the Hungarian Case-Control Surveillance System of Congenital Abnormalities, 1980-1996. Of 1579 (4.1%) pregnant women with CH, 1522 (96.4%) were treated with antihypertensive drugs. Of 1098 (2.9%) pregnant women with GH, 657 (59.8%) were treated. Pregnant women with treated CH had a higher risk of threatened abortion, preterm delivery, and placental disorders, in addition to low-birthweight newborns. However, pregnant women with untreated CH and GH had no higher risk of pregnancy complications or adverse pregnancy outcomes. Antihypertensive treatments were not able to neutralize the harm of severe CH in pregnant women, the antihypertensive treatments were not appropriate and/or effective, or related drug treatments may contribute to these adverse effects.
INTRODUCTION
Hypertension is one of the most common chronic medical conditions and is harmful to the structure and function of the heart and arteries. In addition, hypertension can accelerate the development of arteriosclerosis. The commonly accepted definition of hypertension is blood pressure exceeding 140/90 mm Hg for adults aged 18 years or older. 1 Hypertension is present before and during pregnancy in 1-5% of women. 2, 3 The classification of hypertension based on its origin differentiates primary, or essential, hypertension and secondary hypertension. About 95% of patients with essential hypertension are caused by the interaction of polygenic liability and hazardous environmental factors, whereas secondary hypertension is caused by definable causes such as chronic kidney disease, renal artery stenosis, coartation of the aorta, Cushing's disease, and so on. A classification system of hypertension in pregnant women distinguishes four categories: chronic hypertension (CH), preeclampsia-eclampsia, preeclampsia superimposed on CH and gestational hypertension (GH). 4 There are wellknown guidelines for the treatment of hypertensive patients; 5 however, the care of pregnant women with hypertension shows some differences from the standard care because of the possible teratogenic and/or fetotoxic effects of some drugs. 3 The efficacy of drug treatments in hypertensive pregnant women has been rarely studied. There is incomplete evidence that the benefits of specific classes of antihypertensive drugs extend beyond lowering blood pressure. Therefore, the aims of our study were to evaluate adverse pregnancy/birth outcomes, that is, preterm births, low-birthweight newborns and pregnancy complications of women with CH and GH, as indicators of the efficacy of their related drug treatments in the population-based data set of newborn infants without birth defects in the Hungarian Case-Control Surveillance of Congenital Abnormalities (HCCSCA). 6 Structural birth defects such as congenital abnormalities will be evaluated in a separate case-control study.
METHODS
Newborn infants without congenital abnormalities were selected from the National Birth Registry of the Central Statistical Office for the HCCSCA, 1980-1996. These newborns were controls of cases with congenital abnormalities, which were selected from the Hungarian Congenital Abnormality Registry 7 for the HCCSCA. In general, two newborn controls were matched individually to each case according to sex, week of birth and district of parents' residence. The data set of the HCCSCA, 1980-1996, contains 22 843 cases with congenital abnormalities; however, many cases were excluded from this analysis because congenital abnormalities may have a more drastic effect on pregnancy complications and birth outcomes than hypertension.
Immediately after the selection of newborns, an explanatory letter was sent to the mothers explaining the purpose of the HCCSCA, and they were asked to send us the prenatal maternity logbook and every other medical record regarding their pregnancy complications and diseases during the study pregnancy for 3 weeks. Prenatal care was mandatory for pregnant women in Hungary (if somebody did not visit prenatal care clinic, she did not receive a maternity grant and leave), so nearly 100% of pregnant women visited prenatal care clinics, an average seven times during their pregnancies. The task of obstetricians was to record all pregnancy complications, other maternal diseases and related drug prescriptions in the prenatal maternity logbook during the study period.
A structured questionnaire with a list of medicines (drugs and pregnancy supplements), maternal diseases (including hypertension) and pregnancy complications, in addition to an informed consent sheet, was also mailed to the mothers. The questionnaire requested information on maternal personal (for example, employment status) and medical data, including pregnancy complications, maternal diseases and medicine intake during the study pregnancy by gestational month. To standardize the answers, mothers were asked to read the enclosed lists as a memory aid before they replied, and to send back the filled-in questionnaire and informed consent with their signature in our prepaid envelope.
The interval between the end of pregnancy and return of the information package, including prenatal maternity logbook, questionnaire, and so on was 5.2±2.9 months. In addition, 200 non-respondent and 600 respondent mothers were visited at home by regional nurses as part of two validation studies. 8, 9 Regional nurses helped mothers to fill in the questionnaire used in the HCCSCA, evaluated the available medical documents (prenatal maternity logbook, discharge summary, and so on) and obtained data regarding the lifestyle (the number of daily cigarettes and drinking habit) of mothers during the study pregnancy through a cross-interview of mothers and fathers.
Overall, the necessary information was available on 83.0% of pregnant women (80.9% from reply and 2.1% from home visit). Here, the 17 years of HCCSCA data between 1980 and 1996 were evaluated including 38 151 controls because the method of data collection changed in 1997 (all mothers are visited by regional nurses), and this part of the data set has not been validated.
The evaluation of pregnant women with hypertension had four steps. First, pregnant women with secondary hypertension were excluded from the study. Second, pregnant women with preeclampsia-eclampsia (both superimposed and new onset) were also excluded. This left pregnant women with CH and new-onset GH to be included in the study. CH in pregnant women is defined as hypertension that is present and observable before pregnancy or that is diagnosed before the 20th week of gestation. GH is detected for the first time during the pregnancy in question, without proteinuria until the end of the pregnancy. In general, GH is diagnosed after the 20th gestational week 10, 11 because there is a marked early decrease in diastolic and systolic blood pressures (average 7 mm Hg) because of systematic vascular resistance during pregnancy. 1 Third, the preliminary analysis of our pregnant women showed that two groups of CH and GH could be differentiated according to the source of information: (i) prospectively and medically recorded CH or GH in the prenatal maternity logbook and (ii) CH or GH based on only retrospective maternal information. The medically recorded diagnosis of CH or GH was based on the available medical documents and blood pressure measured in prenatal clinic of pregnant women. In general, the concrete systolic/diastolic blood pressure values were recorded in the prenatal maternity logbook, but unfortunately we did not copy the all of the changing values; rather, we recorded only the diagnosis of CH or GH. The validity of the CH and GH diagnoses based on maternal information could not be verified; in addition, sometimes it was not possible to differentiate the different categories of hypertension, so we decided to evaluate only prospectively recorded CH and GH by obstetricians in the prenatal maternity logbook.
Fourth, the severity of CH was considered on the basis of related drug treatments. According to the classification of hypertension by severity, Stage 1 (140-159/90-99 mm Hg) and Stage 2 (160/100 mm Hg or higher) have been differentiated. 4 There are several guidelines for the level of blood pressure control during pregnancy. 2,3,5,12,13 Pregnant women with Stage 1 hypertension are not recommended to receive drug treatment, dietary modification (particularly sodium reduction 1 ) or more intensive physical activity. In addition, maternal weight gain control is thought to suffice by experts on the topic. 3 The initiation of antihypertensive drug therapy is usually considered in pregnant women with Stage 2 hypertension, that is, when systolic blood pressure exceeds 160 mm Hg or diastolic pressure exceeds 100 mm Hg.
Related drug treatments were evaluated based on both medically recorded data and maternal information in the questionnaire. Other potential confounding factors included maternal age, birth order, marital and employment status as indicators of socio-economic status, 14 other maternal diseases, and pregnancy supplements, particularly folic acid and multivitamins, as indicators of the standard of preconception and prenatal care.
Pregnancy complications were evaluated on the basis of medical records in the prenatal maternity logbook. Both birth weight and gestational age at delivery were medically documented in the discharge summary of mothers after delivery because all deliveries took place in inpatient obstetric clinics in Hungary and the birth attendants were obstetricians. Gestational age was calculated from the first day of the last menstrual period. The definition of preterm birth was less than 37 completed weeks (less than 259 days), whereas the definition of low-birthweight newborns was less than 2500 g.
Statistical methods
We used SAS version 8.02 (SAS Institute, Cary, NC, USA) for statistical analyses. The occurrence of CH and GH separately was compared with the reference group of all pregnant women without hypertension, meaning pregnant women with CH or GH in addition to secondary hypertension or preeclampsia-eclampsia were excluded from the reference group. Contingency tables were prepared for the main study variables. First, the characteristics of pregnant women with CH or GH were compared with the reference group using the w 2 -test for categorical variables or Student's t-test for quantitative variables. Second, other maternal diseases and hypertension-related drug treatments were evaluated. Third, frequency of pregnancy complications was compared between mothers with CH or GH and the reference group by ordinary logistic regression models and odds ratios with 95% confidence intervals. Finally, the birth outcomes of mean gestational age at delivery, birth weight, preterm births and low-birthweight newborns were compared in mothers with CH or GH with the reference group using the adjusted Student's t-test and odds ratios with 95% confidence intervals.
RESULTS
The total number of births in Hungary was 2 146 574 during the study period of 1980-1996. Therefore, the 38 151 newborn infants represented 1.8% of all Hungarian births, and 1579 (4.1%) pregnant women were diagnosed with CH, whereas 1098 (2.9%) had a medically recorded diagnosis of GH in the prenatal maternity logbook. GH was diagnosed after the 20th gestational week in nearly all pregnant women.
Of 1579 pregnant women with CH, 1522 (96.4%) were treated with antihypertensive drugs and were thus classified as Stage 2. Of 1098 mothers with GH, 657 (59.8%) were treated with antihypertensive drugs; therefore, B40% of pregnant women with GH had Stage 1 hypertension.
The main variables of mothers with CH or GH with or without related drug treatments were compared with the reference group of 34 633 pregnant women (Table 1) . Pregnant women with treated CH and GH had a higher average age than the reference group. However, the mean maternal age was somewhat lower in pregnant women with GH and particularly with CH without antihypertension treatment compared with the mean age of the reference group. The mean birth order was lower in pregnant women with treated CH and GH and even lower in pregnant women with untreated CH and GH compared with the reference group. The distribution of employment status was different in the group of pregnant women with treated CH and GH Chronic and gestational hypertension in pregnant women F Bánhidy et al compared with the reference group. The proportion of folic acid supplementation during pregnancy was greater in pregnant women with CH and smaller in pregnant women with GH compared with the reference group. Of 800 mothers visited at home, 36 had CH, and among them 8 (22.2%) were smokers, whereas of the 764 mothers without CH, 144 (18.8%) smoked during the study pregnancy. Obvious differences were seen in the frequency of drugs used for the treatment of CH and GH in pregnant women and in the reference group (Table 2) . However, the distribution of these drugs was different in the group of CH and GH mothers. The most common drug used was terbutaline, followed by verapamil, metoprolol, nifedipin, methyldopa, fenoterol and Panangin in the CH group, whereas this order was methyldopa, clopamide, dihydralazine, nifedipin and metoprolol for the GH group. The drugs shown in Table 2 were taken by some reference pregnant women as well, but in each case the indication was different.
The secondary aim of the study was the evaluation of pregnancy complications (except preeclampsia-eclampsia, which was excluded from this analysis) in women with CH or GH (Table 3 ). There are obvious differences in the occurrences of some pregnancy complications between pregnant women with CH and those with GH. The rates of threatened abortion, placental disorders (mainly premature separation of placenta, that is, placental abruption) and, particularly, threatened preterm delivery were higher in pregnant women with treated CH compared to the other groups, whereas these variables among pregnant women with untreated CH or GH did not differ from the reference values. However, gestational diabetes was higher in both treated CH and GH groups.
The primary aim of the study was the evaluation of birth outcomes (Table 4) . There was no difference in the sex ratio among the study groups. The mean gestational age at delivery was shorter by 0.5 week, and the mean birth weight was lower by 136 g in the treated CH subgroup than in the reference group. On the other hand, the limited number of newborns of untreated pregnant women with CH had longer mean gestational ages and larger mean birth weights. In agreement with these quantitative variables, the rates of preterm births Including placenta previa, premature separation of placenta, antepartum hemorrhage.
Bold numbers show significant associations. Chronic and gestational hypertension in pregnant women F Bánhidy et al and low-birthweight newborns of pregnant women with treated CH were much higher than in untreated women with CH. The mean gestational age at delivery was similar in the groups of pregnant women with treated and untreated GH and was 0.2 week shorter than in the reference group. The mean birth weight was similar from mothers with GH (either treated or not treated) and the reference babies. In addition, the rate of preterm births by the GH mothers (treated or untreated) did not differ significantly from the values of the reference group, but the rate of low-birthweight newborns was marginally higher in the subgroup of pregnant women with treated GH. Finally, there was a higher rate of twins in the subgroups of pregnant women with treated GH (2.4%) and with treated CH (3.1%) than in the reference group (1.0%). However, the aforementioned higher rate of preterm births and low-birthweight newborns was found after the exclusion of twins but to a lesser degree.
DISCUSSION
The aim of the study was to evaluate the efficacy of antihypertensive treatment of pregnant women with CH and GH on the basis of the incidence of pregnancy complications and adverse birth outcomes. The severe CH that required antihypertensive treatment was associated with a higher risk of threatened abortion, preterm delivery, placental disorders and gestational diabetes in pregnant women; in addition, they had a higher rate of preterm births and low-birthweight newborns. However, GH with or without treatment did not show a higher risk for preterm births, though the rate of low-birthweight newborns was somewhat higher in the subgroup of pregnant women with treated GH. Among pregnancy complications, only gestational diabetes occurred more frequently in pregnant women with treated GH.
The prevalence of CH and GH was 4.1 and 2.9% in Hungarian pregnant women, respectively. Our data also show that CH and GH occur more frequently in mothers of advanced age. Pregnant women with GH had a significantly lower rate of folic acid and multivitamin supplement use, it would be necessary to study whether these factors contribute to the origin of GH or not. 15 The incidence of gestational diabetes was higher in pregnant women with either treated CH or treated GH.
The major benefit of antihypertensive therapy is the expected reduction pregnancy complications, particularly preeclampsiaeclampsia and adverse birth outcomes. 16 (We did not find an effective preeclampsia-eclampsia preventive effect of antihypertensive treatments in another study.) The main result of our study is that antihypertensive treatments were not able to prevent the higher risk of pregnancy complications and adverse birth outcomes in pregnant women with Stage 2 CH.
For antihypertensive therapy in pregnant women, in general methyldopa is the first choice. Its safety has been shown in several reports, 17,18 but this recommendation was followed only in Hungarian pregnant women with GH. Direct vasodilators, such as hydralazine and b-adrenergic receptor blockers are also effective and safe. 17 Our previous study did not indicate a teratogenic and/or fetotoxic effect of calcium receptor antagonists. 19 However, angiotensin converting enzyme inhibitors 20 and angiotensin II receptor blockers/antagonists 21 are contraindicated, but 10 pregnant women with GH were treated with captopril in our data set.
The strengths of the HCCSCA are that it is a population-based, large data set including 1579 and 1098 pregnant women with prospectively and medically recorded CH and GH in an ethnically homogeneous Hungarian (Caucasian) population. Additional strengths are the medically recorded pregnancy complications and birth outcomes, in addition to the available data of potential confounders.
However, this data set also has limitations: (i) The severity of CH and GH is determined by the medical treatment. (ii) Other pregnancy outcomes, for example, miscarriages, are not known. (iii) We were not able to evaluate the recently introduced drugs for the treatment of hypertension. (iv) Lifestyle factors cannot be evaluated in the total data set because of the unreliability of maternal self-reported data. 22 In this study, there was a somewhat higher percentage of smokers among pregnant women affected with CH than in pregnant women without CH.
Previously, the opinion of experts was that hypertension without preeclampsia had no adverse effect on the fetus, 23 but mainly fetal and perinatal death were evaluated. The above statement has been confirmed in untreated, that is, mild, CH in Hungarian pregnant women. However, intrauterine growth retardation is found more frequently in newborns of hypertensive women, along with an increase of frequency and severity of maternal blood pressure. 24 This finding was confirmed in our study because a 2.2-fold higher risk for low-birthweight newborns was found. In addition, a strong association between severe CH and a higher risk for some pregnancy complications, including threatened abortions, preterm deliveries and placental disorders, was clear in our data set. These pregnancy complications and adverse birth outcomes may have a causal association with placental dysfunction as a common denominator. It is possible that these pregnant women had such severe CH that antihypertensive treatment was not able to neutralize its harm, that the antihypertensive treatments were not appropriate and/or effective, or, perhaps, that related drug treatments contributed to these adverse effects. [25] [26] [27] [28] In general, monotherapy is preferred over polytherapy (for example, in epileptic pregnant women). However, polytherapy seems to be more effective in patients with hypertension. [29] [30] [31] Therefore, it would be necessary to introduce a more effective drug combination in the treatment of pregnant women with severe CH.
In conclusion, a higher risk was found for some pregnancy complications (threatened abortions, preterm deliveries, and placental disorders) and adverse birth outcomes (low birthweight and preterm birth) in pregnant women with treated CH, indicating antihypertensive treatment was not able to neutralize the harm of severe CH in pregnant women. Treated GH associated with a higher risk for gestational diabetes and low birthweight newborns. However, pregnant women with untreated CH and GH had no higher risk of pregnancy complications or adverse pregnancy outcomes.
